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(57) ABSTRACT

Provided is a microorganism that is able to produce 2-phe-
nylethanol at a high concentration, and a method of effi-
ciently producing 2-phenylethanol by using a saccharide as
a raw material.

Provided is a coryneform bacterium transformant in which
a shikimate pathway is activated, and further, a gene that
encodes an enzyme having phenylpyruvate decarboxylase
activity is introduced in such a manner that the gene can be
expressed.

Also provided is a 2-phenylethanol producing method that
includes causing the coryneform bacterium transformant
according to the present disclosure to react in water con-
taining a saccharide.
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CORYNEFORM BACTERIUM
TRANSFORMANT AND METHOD FOR
PRODUCING 2-PHENYLETHANOL USING
SAME

SEQUENCE LISTING SUBMISSION VIA
EFS-WEB

A computer readable text file, entitled “Sequencel.is-
ting.txt,” created on Jun. 15, 2021 with a file size of 19,812
bytes contains the sequence listing for this application and is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to a technique for produc-
ing 2-phenylethanol. More specifically, the present disclo-
sure relates to a Corynebacterium glutamicum transformant
that has been subjected to a specific genetic manipulation so
that a function of producing 2-phenylethanol should be
imparted, and an efficient technique for producing 2-pheny-
lethanol by using this transformant.

BACKGROUND ART

2-phenylethanol has a rose-like aroma, and is widely
utilized in cosmetics, flavoring agents, perfuming agents,
etc.

2-phenylethanol utilized industrially these days is pro-
duced by organic synthesis using crude oil as a raw material
principally. On the other hand, very little 2-phenylethanol is
extracted and produced from a plant raw material such as
rose flowers, due to difficulties in securing enough raw
materials and extraction efficiency.

In view of steep price rise and uncertain supply of crude
oil, and with a view to the reduction of greenhouse gas
emission for preserving the global environment, shift has
occurred from crude oil to biomass raw materials, and
environment-friendly fermentative production through a
bioprocessing using microorganisms has attracted attention.
For example, the yeast species Kluyveromyces marxianus
has an Ehrlich pathway, thereby being capable of producing
2-Phenylethanol from phenylalanine, which is one of the
amino acids.

However, phenylalanine that can be used a raw material
is utilized as an essential amino acid as a food additive or a
feed additive and is more expensive than a saccharide raw
material such as glucose, which makes phenylalanine
unsuitable for being industrially utilized as a raw material
for the production of 2-phenylethanol.

Non-patent Document 1 reports that 1.3 g/I (about 11
mM) of 2-phenylethanol was produced from glucose by
using a recombinant yeast that is obtained by using, as a
host, the yeast species Kluyveromyces marxianus to which
phenylalanine analog resistance has been imparted, that
highly expresses a phenylpyruvate decarboxylase gene
(aro10) and an alcohol dehydrogenase gene (adh2), and in
which aroG (fbr) is introduced that encodes a feedback
inhibition mutant of 3-deoxy-D-arabino-heptulosonate-7-
phosphate (DAHP) synthase derived from the pathogenic
bacteria Klebsiella pneumoniae.

Non-Patent Document 2 discloses the production of
2-phenylethanol from glucose using FEscherichia coli into
which the 2-keto acid decarboxylase (kdc) gene of the yeast
species Saccharomyces cerevisiae is introduced. This docu-
ment reports that about 8 mM of 2-phenylethanol was
produced from glucose.

w

10

15

20

25

30

35

40

45

50

55

60

65

2
PRIOR ART DOCUMENT

Non-Patent Document

[Non-patent Document 1] Kim TY, Lee S W, Oh M K.
Biosynthesis of 2-phenylethanol from glucose with geneti-
cally engineered Kluyveromyces marxianus. Enzyme
Microb. Technol. 61-62: 44-47(2014)

[Non-patent Document 2] Guo D, Zhang [, Kong S, Liu
Z, Li X, Pan H. Metabolic engineering of Escherichia coli
for production of 2-phenylethanol and 2-phenylethyl acetate
from glucose. J Agric Food Chem. 66: 5886-5891(2018)

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

Against this background, it is desired that 2-phenyletha-
nol is more efficiently produced from inexpensive saccha-
ride raw material such as glucose. There are, however,
problems that the pathway for biosynthesis of 2-phenyle-
thanol from a saccharide raw material such as glucose is
composed of more than several tens of steps, and is sub-
jected to a variety of feedback regulations and transcrip-
tional regulations. Additionally, strong cytotoxicity exhib-
ited by 2-phenylethanol makes enhanced production by a
biological method more difficult.

The present disclosure provides a microorganism that is
able to produce 2-phenylethanol at a high concentration, and
provides a method of efficiently producing 2-phenylethanol
by using a saccharide as a raw material.

Means to Solve the Problem

The present disclosure, in one aspect, relates to a coryne-
form bacterium transformant in which a shikimate pathway
is activated, and further, a gene that encodes an enzyme
having phenylpyruvate decarboxylase activity is introduced
in such a manner that the gene can be expressed.

The present disclosure, in another aspect, relates to a
2-phenylethanol producing method that includes causing the
coryneform bacterium transformant according to the present
disclosure to react in water containing a saccharide.

Effect of the Invention

According to the present disclosure, in one or a plurality
of embodiments, 2-phenylethanol can be efficiently pro-
duced from a saccharide by using a coryneform bacterium.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows the production of 2-phenylethanol under
aerobic culture conditions.

FIG. 2 shows the production of 2-phenylethanol by resin
adsorption under aerobic reaction conditions.

FIG. 3 shows tests for determining suitability as a host for
2-phenylethanol production.

MODE FOR CARRYING OUT THE INVENTION

The present inventors have found that the coryneform
bacterium has more excellent resistance against 2-phenyle-
thanol as compared with Kluyveromyces marxianus,
Escherichia coli, or Pseudomonas putida S12 known as a
solvent-resistant bacterium. By using the coryneform bac-
terium as a host, enhancing the shikimate pathway in the
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coryneform bacterium and introducing a phenylpyruvate
decarboxylase gene into the same, they arrived to the
creation of a coryneform bacterium transformant capable of
performing the enhanced production of 2-phenylethanol
from a saccharide raw material, and the enhanced production
of 2-phenylethanol using this coryneform bacterium trans-
formant.

The following describes the present disclosure in detail.
(D Transformant Having Ability to Produce 2-Phenylethanol

The transformant according to the present disclosure, in
one aspect, is a coryneform bacterium transformant obtained
by activating a shikimate pathway, and further introducing a
gene that encodes an enzyme having phenylpyruvate decar-
boxylase activity into a coryneform bacterium as a host in
such a manner that the gene can be expressed. With the
transformant according to the present disclosure, 2-pheny-
lethanol can be produced.

In the present disclosure, the method for gene introduc-
tion into the coryneform bacterium may be the introduction
of a plasmid, or the incorporation into the genome.

Host

The coryneform bacterium used as a host is, in one or a
plurality of embodiments, Corynebacterium glutamicum.
Corynebacterium glutamicum is a group of microorganisms
defined in Bergey’s Manual of Determinative Bacteriology,
Vol. 8, 599 (1974).

More specifically, Corvrebacterium glutamicum is, for
example, the strain of Corynebacterium glutamicum R
(FERM BP-18976), ATCC13032, ATCC13869 (DSM1412),
ATCC13058, ATCC13059, ATCC13060, ATCC13232,
ATCC13286, ATCC13287, ATCC13655, ATCC13745,
ATCC13746, ATCC13761, ATCC14020, ATCC31831,
MJ-233 (FERM BP-1497), or MIJ-233AB-41 (FERM
BP-1498). Among them, strains R (FERM BP-18976),
ATCC13032, and ATCC13869 (DSM1412) are preferable,
among which the strain R (FERM BP-18976) is further
preferable.

According to molecular biological classification, names
of some species of coryneform bacteria, such as Brevibac-
terium flavum, Brevibacterium lactofermentum, Brevibacte-
rium divaricatum, and Corynebacterium lilium are standard-
ized to Corynebacterium glutamicum, and these are
therefore encompassed in the present disclosure.

In addition, in the coryneform bacterium as a host, a
by-product production pathway of a 2-phenylethanol pro-
duction pathway is preferably blocked with a view to
improving the production of 2-phenylethanol. Further pref-
erably, an entirety or a part of the 1dh (lactate dehydroge-
nase) gene, the qsuB (3-dehydroshikimate dehydratase)
gene, the hdpA (dihydroxyacetone phosphatase) gene, and
the cgR #1237 gene (phenylalanine uptake transporter) are
disrupted.

Still further, the coryneform bacterium as a host prefer-
ably has reduced consumption of phosphoenolpyruvate
(PEP) from the same viewpoint, and more specifically, the
ptsH (phosphoenolpyruvate-dependent sugar phosphotrans-
ferase system) gene, which is one of the subunits of the
glucose uptake transporter is preferably disrupted, with the
i0lT1 (Myo-inositol facilitator) gene being expressed
instead. Further preferably, lolT1 highly expresses an
enzyme gene of glucokinase (either ATP-dependent glucoki-
nase or polyphosphate-dependent glucokinase, or both of
these) for phosphorylating glucose taken into cells.

Phenylpyruvate Decarboxylase (pdc) Gene

Phenylpyruvate decarboxylase (EC4.1.1.43) is an enzyme
that catalyzes a reaction of producing phenylacetaldehyde
from phenylpyruvate. Indole 3-pyruvate decarboxylase
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(EC4.1.1.74), or branched-chain 2-oxo acid decarboxylase
(EC4.1.1.72), can be suitably applied to the production of
2-phenylethanol as long as it can catalyze the present
reaction.

In one or a plurality of embodiments, examples of the
gene encoding the enzyme having phenylpyruvate decar-
boxylase activity include ipd (Indole-3-pyruvate decarboxy-
lase) C, kivd (a-ketoisovalerate decarboxylase), kdc (alpha
keto acid decarboxylase) A, arol0 (phenylpyruvate decar-
boxylase), and pdc (pyruvate decarboxylase).

The gene is not limited particularly, and may be derived
from microorganisms, plants including roses, or animals.
From the viewpoint of the productivity of 2-phenylethanol,
the gene is preferably an ipdC gene, more preferably an ipdC
gene of the bacteria of the genus Enterobacter or an ortholog
thereof, and further preferably an ipdC gene of Enterobacter
cloacae or an ortholog thereof. The aro10 gene of the yeast
Saccharomyces cerevisiae or an ortholog thereof can be
applied as the said gene. Phenylpyruvate Decarboxylase
activity can be measured by a known method, for example,
a method disclosed in the following document: Weiss, P., M.,
Characterization of phenylpyruvate decarboxylase, involved
in auxin production of Azospirillum brasilense. J. Bacteriol.
189: 7626-7633 (2007).

In one or a plurality of embodiments, the ipdC gene of
Enterobacter cloacae includes a gene that encodes an
enzyme having phenylpyruvate decarboxylase activity and
that is (a) the gene that has the base sequence of SEQ ID NO:
1, (b) a gene that has the base sequence of SEQ ID NO: 1
in which one or a plurality of bases are deleted, substituted,
or added, and thereby has 45% or more of identity with the
base sequence of SEQ ID NO: 1, or (c) a gene that
hybridizes, under stringent conditions, to a gene having a
base sequence complementary to the gene that has the base
sequence of SEQ ID NO: 1.

In one or a plurality of embodiments, the identity is 50%
or more, 60% or more, 70% or more, 80% or more, 90% or
more, 95% or more, 97% or more, or alternatively, 98% or
more.

The above-mentioned “stringent conditions” refer to com-
mon conditions, for example, the conditions described in
Molecular Cloning, A Laboratory Manual, Second Edition,
1989, Vol 2, p 11.45. More specifically, the “stringent
conditions” refer to conditions in a case where hybridization
occurs at a temperature 5 or 10° C. lower than a melting
temperature (Tm) of a complete hybrid.

Activation of Shikimate Pathway

In addition, in the coryneform bacterium as a host, a
shikimate pathway is preferably activated, with a view to
improving the production of 2-phenylethanol. The activation
of the shikimate pathway in the present disclosure, in one or
a plurality of embodiments, is the enhancement of the
shikimate pathway, and in one or a plurality of other
embodiments, the activation of the shikimate pathway
encompasses the heterologous expression and/or the promo-
tion of the expression caused by the introduction of a gene
relating to the shikimate pathway.

In the present disclosure, the activation of the shikimate
pathway in one or a plurality of embodiments includes
introducing, into the coryneform bacterium as a host, at least
one gene selected from the group consisting of: a gene that
encodes an enzyme having 3-deoxy-D-arabino-heptulo-
sonate-7-phosphate (DAHP) synthase activity; a gene that
encodes an enzyme having at least either chorismate mutase
activity or prephenate dehydrogenase activity; and a gene
that encodes an enzyme having shikimate kinase activity.
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In the present disclosure the gene relating to the shikimate
pathway does not have to be limited to those described
above, and another gene relating to the shikimate pathway
may be introduced.

3-Deoxy-D-Arabino-Heptulosonate-7-Phosphate
(DAHP) Synthase

The DAHP synthase is an enzyme that catalyzes a reac-
tion that produces DAHP from phosphoenolpyruvate (PEP)
and erythrose-4-phosphate (E4P). The gene that encodes an
enzyme having DAHP synthase activity is not limited par-
ticularly, and may be derived from any of microorganisms,
plants including roses, or animals. Examples of the same
include DAHP synthase aroF, aroG, and aroH, as well as
orthologs of the same. From the viewpoint of the produc-
tivity of 2-phenylethanol, the gene is preferably a feedback
inhibition resistant mutant-type aroG gene or an ortholog of
the same, or more preferably a feedback inhibition resistant
mutant-type aroG gene derived from bacteria of the genus
Escherichia such as Escherichia coli or an ortholog of the
same.

The DAHP synthase activity can be measured by a known
method, for example, a method disclosed in the following
document: Liu Y J, Li P P, Zhao K X, Wang B J, Jiang C'Y,
Drake H L, Liu S I. Coryrebacterium glutamicum contains
3-deoxy-D-arabino-heptulosonate 7-phosphate synthases
that display novel biochemical features. Appl Environ
Microbiol. 74: 5497-503(2008).

Chorismate Mutase/Prephenate Dehydrogenase

Chorismate mutase (EC 5.4.99.5)/prephenate dehydroge-
nase (EC 4.2.1.51) are bifunctional enzymes that catalyze a
reaction that produces phenylpyruvate from chorismate. The
gene that encodes an enzyme having chorismate mutase/
prephenate dehydrogenase activity is not limited particu-
larly, and may be derived from any of microorganisms,
plants including roses, or animals. From the viewpoint of the
productivity of 2-phenylethanol, the gene is preferably a
feedback inhibition resistant mutant-type pheA gene, or
more preferably a gene derived from bacteria of the genus
Escherichia such as Escherichia coli.

Each of the genes of chorismate mutase and prephenate
dehydrogenase can be applied alone, and each of the same
is preferably of a feedback inhibition resistant mutant type.

The chorismate mutase activity and the prephenate dehy-
drogenase can be measured by a known method, for
example, a method disclosed in the following document:
Zhou H, Liao X, Wang T, Du G, Chen J. Enhanced 1-phe-
nylalanine biosynthesis by co-expression of pheA (fbr) and
aroF (wt). Bioresour Technol. 101: 4151-4156(2010).

Shikimate Kinase

Shikimate kinase (EC 2.7.1.71) is an enzyme that cata-
lyzes a reaction of producing shikimate-3-phosphate from
shikimate.

The gene that encodes this enzyme is not limited particu-
larly, and may be derived from any of microorganisms,
plants including roses, or animals. From the viewpoint of the
productivity of 2-phenylethanol, the gene is preferably an
aroL. (shikimate kinase) gene, more preferably an arol. gene
of'bacteria of the genus Escherichia such as Escherichia coli
or an ortholog of the same, or further preferably an arol.
gene of Escherichia coli or an ortholog of the same. The
gene may be an aroK (shikimate kinase) gene derived from
Escherichia coli, an aroK gene derived from Corynebacte-
rium glutamicum, or an ortholog of the same. The shikimate
kinase activity can be measured by a known method, for
example, a method disclosed in the following document: R
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C DeFeyter, Purification and properties of shikimate kinase
II from Escherichia coli K-12, 1. Bacteriol. 165: 331-333
(1986).

Alcohol Dehydrogenase Gene

In the coryneform bacterium transformant according to
the present disclosure, an alcohol dehydrogenase gene may
be further introduced, with a view to improving the produc-
tion of 2-phenylethanol.

Alcohol dehydrogenase (EC1.1.1.1) is an enzyme that
catalyzes a reaction of producing alcohol from aldehyde.
Herein it is an enzyme that catalyzes a reaction for produc-
ing 2-phenylethanol from phenylacetaldehyde. The enzyme
may be an enzyme other than alcohol dehydrogenase, as
long as it can enable the production of 2-phenylethanol from
phenylacetaldehyde, and the enzyme is, for example, any of
phenylacetaldehyde reductase (ECI1.1.1.-), aryl alcohol
dehydrogenase (or referred to also as benzyl alcohol dehy-
drogenase) (EC1.1.1.90), aldehyde dehydrogenase, and phe-
nylethanol dehydrogenase.

The gene of this enzyme is not limited particularly, and
may be derived from any of microorganisms, plants includ-
ing roses, or animals. From the viewpoint of the productivity
of 2-phenylethanol, the gene is preferably a yjgB (alcohol
dehydrogenase) gene, more preferably a yjgB gene of bac-
teria of the genus Escherichia or an ortholog of the same, or
further preferably a yjgB gene of Escherichia coli or an
ortholog of the same.

The enzyme may be yqhD (alcohol dehydrogenase) or
yahK (aldehyde reductase) derived from Escherichia coli.
Apart from these, the enzyme may be adhC (alcohol dehy-
drogenase) similar to aryl alcohol dehydrogenase derived
from Lactobacillus brevis, adhl or adh2 as alcohol dehy-
drogenase derived from Saccharomyces cerevisiae, or an
ortholog of the same.

The alcohol dehydrogenase activity can be measured by a
known method, for example, a method disclosed in the
following document: Retno Indrati, Purification and prop-
erties of alcohol dehydrogenase from a mutant strain of
Candida guilliermondii deficient in one form of the enzyme
Can. J. Microbiol., 38: 953-957(1992).

(II) Method for Producing 2-Phenylethanol

By causing a reaction of the above-described transformant
according to the present disclosure in a reaction solution
containing a carbon source, 2-phenylethanol can be pro-
duced. The present disclosure, in one aspect, relates to a
2-phenylethanol producing method that includes causing the
transformant according to the present disclosure to react in
water containing a saccharide.

Growth of Microorganism

Before the reaction, the transformant is preferably cul-
tured and grown under aerobic conditions at a temperature
of about 25° C. to 38° C. for about 12 to 48 hours.

Culture Medium The culture medium used for aerobic
culture of the transformant before the reaction may be a
natural medium or a synthetic medium containing a carbon
source, a nitrogen source, inorganic salts, other nutritional
substances, etc.

Examples of the carbon source that can be used include
saccharides (monosaccharides such as glucose, fructose,
mannose, xylose, arabinose, and galactose; disaccharides
such as sucrose, maltose, lactose, cellobiose, xylobiose, and
trehalose; polysaccharides such as starch; and molasses);
saccharide alcohols such as mannitol, sorbitol, xylitol, and
glycerol; organic acids such as acetic acid, citric acid, lactic
acid, fumaric acid, maleic acid and gluconic acid; alcohols
such as ethanol and propanol; and hydrocarbons such as
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normal paraffin. These carbon sources may be used alone or
as a mixture of two or more thereof.

The nitrogen source that can be used is, for example, an
inorganic or organic ammonium compound, such as ammo-
nium chloride, ammonium sulfate, ammonium nitrate, or
ammonium acetate; urea; aqueous ammonia; sodium nitrate;
or potassium nitrate. Nitrogen-containing organic com-
pounds, such as corn steep liquor, meat extract, peptone,
NZ-amine, protein hydrolyzate, amino acid, etc. may also be
used. These nitrogen sources may be used alone or as a
mixture of two or more thereof. The concentration of these
nitrogen sources in the culture medium may be about 0.1 to
10 w/v % usually, though it varies depending on the kind of
the nitrogen compound used.

The inorganic salt is, for example, potassium dihydogen
phosphate, dipotassium hydrogen phosphate, magnesium
sulfate, sodium chloride, iron (II) nitrate, manganese sulfate,
zinc sulfate, cobalt sulfate, or calcium carbonate. Only one
kind of these inorganic salts or a mixture of two or more
finds may be used. The concentration of the inorganic salts
in the culture medium may be about 0.01 to 1 w/v % usually,
though it varies depending on the kind of the inorganic salts
used.

Examples of the nutritional substances include meat
extract, peptone, polypeptone, yeast extract, dry yeast, corn
steep liquor, skim milk powder, defatted soybean hydro-
chloric acid hydrolyzate, and extract from animals, plants or
microorganisms, and degradation products thereof. The con-
centration of the nutritional substances in the culture
medium may be about 0.1 to 10 w/v % usually, though it
varies depending on the kind of the nutritional substances
used.

Further, vitamins may be added as required. Examples of
the vitamins include biotin, thiamin (vitamin B1), pyridox-
ine (vitamin B6), pantothenic acid, inositol, nicotinic acid,
etc. The pH of the culture medium is preferably about 6 to
8.

Specific examples of the preferable culture medium for
Corynebacterium glutamicum include A-medium [Inui, M.
et al., Metabolic analysis of Coryrebacterium glutamicum
during lactate and succinate productions under oxygen
deprivation conditions. J. Mol. Microbiol. Biotechnol. 7:
182-196 (2004)], and BT-medium [Omumasaba, C. A. et al.,
Corynebacterium glutamicum glyceraldehyde-3-phosphate
dehydrogenase isoforms with opposite, ATP-dependent
regulation. J. Mol. Microbiol. Biotechnol. 8: 91-103
(2004)], etc. These culture media may be prepared so as to
contain a saccharide at a concentration in the above-men-
tioned range when used.

The reaction solution that can be used is water, buffer
solution or inorganic salt medium containing a saccharide.

Examples of the buffer solution include phosphate buffer,
Tris-buffer, and carbonate buffer. The concentration of the
buffer solution is preferably about 10 to 150 mM.

It is desired that biotin as a growth factor is not contained
in the reaction solution, so that the transformant should not
grow substantially.

The inorganic salt medium is a medium containing one,
two, or more kinds of the following inorganic salts: potas-
sium dihydogen phosphate, dipotassium hydrogen phos-
phate, magnesium sulfate, sodium chloride, iron (II) nitrate,
manganese sulfate, zinc sulfate, cobalt sulfate, and calcium
carbonate. Among these, a medium containing magnesium
sulfate is preferable. A specific example of the inorganic salt
medium is a BT-medium disclosed in Omumasaba, C. A. et
al, Corynebacterium glutamicum glyceraldehyde-3-phos-
phate dehydrogenase isoforms with opposite, ATP-depen-
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dent regulation. J. Mol. Microbiol. Biotechnol. 8: 91-103
(2004). The concentration of the inorganic salts in the
culture medium may be about 0.01 to 1 w/v % usually,
though it varies depending on the kind of the inorganic salt
used.

The pH of the reaction solution is preferably about 6 to 8.
During the reaction, preferably the pH of the reaction
solution is controlled at around neutrality, particularly about
7, with use of an aqueous solution of ammonium or sodium
hydroxide aqueous solution, by using a pH controller (for
example, DT-1023 model manufactured by ABLE Corpora-
tion).

Reaction Conditions

The reaction temperature, that is, the temperature for
keeping the transformant alive during the reaction is pref-
erably about 20° C. to 50° C., and more preferably about 25°
C. 10 47° C. When the temperature is in the above-described
range, 2-phenylethanol can be efficiently produced.

The reaction period is preferably about 1 to 7 days, and
more preferably about 1 to 3 days. The culture may be a
batch process, a fed-batch process, or a continuous process.
Among them, a batch process is preferred.

Aeration Conditions

The reaction may be performed under reducing condi-
tions, or slightly aerobic conditions. Under any conditions,
the reaction is caused under conditions where substantially
no growth of Corynebacterium glutamicum occurs, and
therefore 2-phenylethanol can be produced more efficiently.

The reducing conditions are defined based on the oxida-
tion-reduction potential of the reaction solution. The oxida-
tion-reduction potential of the reaction solution is preferably
about =200 mV to about -500 mV, and more preferably
about -250 mV to -500 mV.

The reduction state of the reaction solution can be simply
estimated using a resazurin indicator (in reducing condi-
tions, decolorization from blue to colorless is observed).
However, for precise measurement, a redox-potential meter
(for example, ORP Electrodes made by BROADLEY
JAMES) is used.

As a method of preparing a reaction solution under
reducing conditions, any publicly known method can be
used without limitation.

For example, as a liquid medium for preparation of the
reaction solution, an aqueous solution for a reaction solution
may be used instead of distilled water or the like. As
reference for preparation of the aqueous solution for a
reaction solution, for example, the method for preparing a
culture solution for strictly anaerobic microorganisms, such
as sulfate-reducing microorganisms (Pfennig, N. et al.
(1981): The dissimilatory sulfate-reducing bacteria, In The
Prokaryotes, A Handbook on Habitats, Isolation and Iden-
tification of Bacteria Ed. By Starr, M. P. et al., p. 926-940,
Berlin, Springer Verlag.), and “Nogeikagaku Jikkensho™ Ed.
by Kyoto Daigaku Hogakubu Nogeikagaku Kyoshitsu, Vol.
3, Sangyo Tosho, 1990, Issue 26) may be used, and such a
method provides an aqueous solution under desired reducing
conditions.

Specifically, by treating distilled water or the like with
heat or under reduced pressure for removal of dissolved
gases, an aqueous solution for a reaction solution under
reducing conditions can be obtained. In this case, for
removal of dissolved gases, especially dissolved oxygen,
distilled water or the like may be treated under reduced
pressure of about 10 mmHg or less, preferably about 5
mmHg or less, more preferably about 3 mmHg or less, for
about 1 to 60 minutes, preferably for about 5 to 40 minutes,



US 12,006,527 B2

9

whereby an aqueous solution for a reaction solution under
reducing conditions can be obtained.

Further, by adding a suitable reducing agent (for example,
thioglycolic acid, ascorbic acid, cysteine hydrochloride,
mercaptoacetic acid, thiol acetic acid, glutathione, or sodium
sulfide), an aqueous solution for a reaction solution under
reducing conditions can be prepared.

These methods may be suitably combined, too, to prepare
an effective aqueous solution for a reaction solution under
reducing conditions.

In a case where reducing conditions during the reaction
are maintained, it is desirable that oxygen from the outside
of the reaction system is prevented to the utmost extent from
entering the system. Specific examples of the method
employed for this purpose include a method comprising
encapsulating the reaction system with inert gas, such as
nitrogen gas, carbon dioxide gas, etc. For allowing the
metabolic functions in the cells of the coryneform bacterium
transformant of the present disclosure to work efficiently
during the reaction, addition of a solution of various nutri-
ents or a reagent solution for adjusting and maintaining the
pH of the reaction system may be needed in some cases. In
such a case, for more effective prevention of oxygen incor-
poration, it is effective to remove oxygen in the solutions to
be added, in advance.

In a case where slightly aerobic conditions are maintained
in the middle of the reaction, the reaction can be caused
under conditions of an aeration amount at a low level such
as 0.5 vvm or less, and an agitation speed at a low level such
as 500 rpm or less. In some cases, after the start of the
reaction, the aeration may be blocked at an appropriate time,
and the reaction may be allowed under an agitation speed of
100 rpm or less, combined with a state of an enhanced
aerophobicity.

Collection of 2-Phenylethanol

Through the culture performed in the above-described
manner, 2-phenylethanol is produced in the reaction solu-
tion. By collecting the reaction solution, 2-phenylethanol
can be collected, and further, 2-phenylethanol can also be
separated from the reaction solution by a known method.
Examples of such a known method include the distillation
method, the membrane permeation method, the resin adsorp-
tion method, and the organic solvent extraction method.

The present disclosure relates to the following, in one or
a plurality of embodiments:

<1> A coryneform bacterium transformant in which a

shikimate pathway is activated, wherein a gene that
encodes an enzyme having phenylpyruvate decarboxy-
lase activity is further introduced in the coryneform
bacterium transformant in such a manner that the gene
can be expressed.

<2> The coryneform bacterium transformant according to

<1>, wherein the gene that encodes an enzyme having
phenylpyruvate decarboxylase activity is an ipdC gene
of Enterobacter cloacae.

<3> The coryneform bacterium transformant according to

<1> or <2>, wherein the gene that encodes an enzyme
having phenylpyruvate decarboxylase activity includes
any of (a) the gene that has the base sequence of SEQ
ID NO: 1, (b) a gene that has the base sequence of SEQ
ID NO: 1 in which one or a plurality of bases are
deleted, substituted, or added and thereby has 45% or
more of identity with the base sequence of SEQ ID NO:
1, or (¢) a gene that hybridizes, under stringent condi-
tions, to a gene having a base sequence complementary
to the gene that has the base sequence of SEQ ID NO:
1.

10

<4> The coryneform bacterium transformant according to
any one of <1> to <3>, wherein the activation of the
shikimate pathway includes introducing, into a coryne-
form bacterium as a host, at least one gene selected

5 from the group consisting of: a gene that encodes an
enzyme having 3-deoxy-D-arabino-heptulosonate-7-
phosphate (DAHP) synthase activity; a gene that
encodes an enzyme having at least either chorismate
mutase activity or prephenate dehydrogenase activity;

10 and a gene that encodes an enzyme having shikimate
kinase activity.

<5> The coryneform bacterium transformant according to
<4>, wherein the gene that encodes an enzyme having
3-deoxy-D-arabino-heptulosonate-7-phosphate

15 (DAHP) synthase activity, and the gene that encodes an
enzyme having at least either chorismate mutase activ-
ity or prephenate dehydrogenase activity, are a gene
that encodes the enzyme having feedback inhibition
resistant.

20 <6> The coryneform bacterium transformant according to
<4> or <5>, wherein the gene that encodes an enzyme
having 3-deoxy-D-arabino-heptulosonate-7-phosphate
(DAHP) synthase activity, the gene that encodes an
enzyme having at least either chorismate mutase activ-

25 ity or prephenate dehydrogenase activity, and the gene
that encodes an enzyme having shikimate kinase activ-
ity are a gene of Escherichia coli.

<7> The coryneform bacterium transformant according to
any one of <1> to <6>, wherein at least one selected

30 from the group consisting of a lactate dehydrogenase
gene, a 3-dehydroshikimate dehydratase gene, a dihy-
droxyacetone phosphatase gene, and a phenylalanine
uptake transporter gene is disrupted.

<8> The coryneform bacterium transformant according to

35 any one of <1> to <7>, wherein a coryneform bacte-

rium as a host is Corynebacterium glutamicum.

<9> The coryneform bacterium transformant according to
any one of <1> to <8>, wherein a coryneform bacte-
rium as a host is Corynebacterium glutamicum R

40 (FERM BP-18976), ATCC13032, or ATCCI13869

(DSM1412).

<10> A coryneform bacterium transformant of Coryne-
bacterium glutamicum strain 2PE97 (Accession Num-
ber: NITE BP-02830).

45 <11> A 2-phenylethanol producing method including
causing the coryneform bacterium transformant
according to any one of <1> to <10> to react in water
containing a saccharide.

<12> The 2-phenylethanol producing method according

50 to <11>, wherein the saccharide is selected from the
group consisting of glucose, fructose, mannose, xylose,
arabinose, galactose, sucrose, maltose, lactose, cello-
biose, xylobiose, trehalose, and mannitol.

55 EXAMPLE

The following description describes the present disclosure
in detail, while referring to examples, but the present dis-
closure is not limited to these examples.

60
Example 1

Construction of 2-Phenylethanol Producing Strain
65 (1) Preparation/Obtainment of Chromosomal DNA

The following were cultured according to information
obtained from organizations from which the strains are
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available. Corynebacterium  glutamicum R (FERM
BP-18976); Azospirillum brasilense NBRC 102289, Beijer-
inckia indica subsp. indica DSM1715; Bifidobacterium ani-
malis subsp. lactis JCM 10602; Bradyrhizobium diazoeffi-
ciens JCM 10833; Bradyrhizobium elkanii JCM 10832;
Bradyrhizobium japonicum JCM 20679; Bradyrhizobium

12
ron Microbiol. 78(3): 865-875 (2012)], pCRB209
[WO2012/033112], pCRB210 [WO02012/033112]). The
mutation introduction into the pheA gene was carried out by
linking a PCR fragment amplified with use of a phospho-
rylation primer. The names of the cloning vectors introduced
and the plasmids obtained are shown in Table 2.

TABLE 1

Primer for Isolation of 2-phenylethanol-Production-Related Gene

lablabi NBRC 108826; Burkholderia multivorans NBRC
102086, Caldilinea aerophila DSM 14535; Chromohalo-
bacter salexigens ATCC BAA-138; Comamonas testos-
teroni NBRC 14951; Corynebacterium aurimucosum JCM
11766; Corynebacterium  kroppenstedtii
Debaryomyces hansenii JCM 1990; Delftia acidovorans
JCM 5833; Desulfovibrio magneticus DSM 13731; Entero-
bacter cloacae NBRC 13535, Enterobacter hormaechei
ATCC 49162; Erwinia herbicola NBRC 102470; Escheri-
chia coli K-12 MG1655; Kluyveromyces lactis JCM 22014,
Komagataella phaffii ATCC 20864, Lachancea thermotol-
erans JCM 19085; Lactococcus lactis NBRC 100933,
Mycobacterium smegmatis MC(2) 155 ATCC 700084; Nos-
toc sp. PCC 73102 ATCC29133; Pandoraea vervacti NBRC
106088; Polaromonas naphthalenivorans ATCC BAA-779;
Providencia rustigianii JCM 3953; Providencia stuartii

Enzyme
Gene Source Gene Forward Reverse Gene
Azospirillum brasilense pde SEQ ID NO: 9 SEQ ID NO: 10  SEQ ID NO: 1
Corynebacterium aqurimucosum pdc SEQ ID NO: 11 SEQ ID NO: 12 SEQ ID NO: 2
Enterobacter cloacae pde SEQ ID NO: 13 SEQIDNO: 14 SEQ ID NO: 3
Rhodopseudomonas palustris  pdcl SEQ ID NO: 15 SEQIDNO: 16 SEQ ID NO: 4
Rhodospirillum rubrum pde SEQID NO: 17 SEQIDNO: 18 SEQIDNO: 5
Escherichia coli aroL, SEQ ID NO: 19 SEQ ID NO: 20 SEQ ID NO: 6
Escherichia coli pheA SEQ ID NO: 21  SEQ ID NO: 22* SEQ ID NO: 7
SEQ ID NO: 23* SEQ ID NO: 24
Caldilinea aerophila pde SEQ ID NO: 25 SEQIDNO: 26 SEQ ID NO: 8
*phosphorylation primer
TABLE 2
30
Plasmid for Expression of 2-phenyl-
ethanol-Production-Related Gene
JCM  11950;
35 Enzyme Introduction
Gene Source Gene Vector Plasmid
Azospirillum brasilense pde pCRB209 P2pe60
Caldilinea aerophila pde pCRB209 P2ped3
40 Corynebacterium aurvimucosum pde pCRB209 PGibu50
Enterobacter cloacae ipdC pCRB210 PGibu37
Rhodopseudomonas palustris pdel pCRB209 PGibu52
Rhodospirillum rubrum pde pCRB209 P2peds
45 Escherichia coli aroL, pCRB209 Pphe223
Escherichia coli pheA pCRB209 P2pe3

ATCC 25827, Pseudomonas putida NBRC 14164; Ralstonia
eutropha 1AM 12368; Rhodococcus jostii JCM 11615; Rho-
dopseudomonas palustris ATCC BAA-98; Rhodospirillum
rubrum ATCC 11170; Saccharomyces cerevisiae NBRC
2376, Saccharopolyspora erythraea JCM 4748; Staphylo-
coccus epidermidis NBRC 12993; Staphylococcus haemo-
Iyticus JCSC 1435; Staphylococcus saprophyticus ATCC
15305; and Streptomyceslividans NBRC 15675. Thereatfter,
chromosomal DNA of these was prepared by using DNA
genome extraction kits (trade name: illustra bacteria genom-
icPrep Mini Spin Kit, available from GE Healthcare Japan
Corporation). The pdc genes of Prunus persica and Rosa
hybrid cultivarwere obtained by GeneArt artificial gene
synthesis (Thermo Fisher Scientific K.K.).
(2) Construction of Plasmid for Expression of 2-phenyle-
thanol-Production-Related Gene

Primer sequences used for isolating target enzyme genes
are shown in Table 1. In PCR, Veriti Thermal Cycler
(Thermo Fisher Scientific K.K.) was used, and PrimeSTAR
HS DNA Polymerase (Takara Bio Inc.) was used as a
reaction reagent.

DNA fragments obtained were introduced into cloning
vectors containing Pgap A promoters (pCRB207 [Appl Envi-

50
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(3) Construction of Plasmid for Chromosomal Introduction
of 2-phenylethanol-Production-Related Gene

A DNA region necessary for markerless introduction of a
2-phenylethanol-production-related gene into a chromo-
some of Corynebacterium glutamicum strain R was deter-
mined based on a sequence that was reported not to be
essential for the growth of Corynebacterium glutamicum
strain R [Appl. Environ. Microbiol. 71: 3369-3372 (2005)]
(SSI region). This DNA region was amplified by the PCR
method. The DNA fragment thus obtained was introduced
into the plasmid pCRA725 for markerless gene introduction
[J. Mol. Microbiol. Biotechnol. 8: 243-254(2004), JP-A-
2007-295809]. Incidentally, into pCRG40, a restriction
enzyme site (unique site) for incorporating a gene in the SSI
region by the inverse PCR method was introduced. The
primer sequences used for the isolation of the SSI regions
and the inverse PCR and the obtained vectors for chromo-
somal introduction are shown in Table 3.
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TABLE 3

Primer Sequence Used for Isolating SSI Region and
Obtained Vector for Chromosomal Introduction

Vector for
Chromosomal SSI
Introduction Region Forward Reverse
pCRG38 SSI8-3 SEQ ID NO: 27 SEQ ID NO: 28
pCRG39 SSI6-5 SEQ ID NO: 29 SEQ ID NO: 30
pCRG40 SSI4-5 SEQ ID NO: 31 SEQ ID NO: 32
SEQ ID NO: 33* SEQ ID NO: 34*

*Primer used for Inverse PCR method

PgapA promoter fusion enzyme gene fragments were
obtained from the plasmids for the expression of 2-pheny-
lethanol-production-related genes, which were constructed
as shown in Table 2, and the fragments were introduced into
the plasmids for chromosomal introduction described above.
Further, the plasmid pSKMS8 for tkt-tal gene expression
[W0O2016/027870], the plasmid pCRB278 for SSI8-1 region
introduction [W02017/169399], the plasmid pCRB276 for
SSIS-1 region introduction [W02017/169399], and the plas-
mid pCRB259 for SSI2-2 region introduction [WO2017/
146241] were also used. The plasmids for chromosomal
introduction of 2-phenylethanol-production-related genes
thus obtained are shown in Table 4.

TABLE 4

Plasmid for Chromosomal Introduction of
2-phenylethanol-Production-Related Gene

Plasmid for
SSI Chromosomal
Gene Source Enzyme Gene Region Introduction
Corynebacterium tkt, tal SSI 8-1 LKSppp27
glutamicum
Escherichia coli aroL, SSI8-3 LKSphe4?2
Escherichia coli  PheA (T304_Q306dup, SSI6-5 LKS2pe2
A303_Q307insK) SSI2-2 LKS2pel
SSH4-5 LKS2pe7

(4) Construction of Plasmid for Chromosomal Gene Dis-
ruption of Corynebacterium glutamicum Strain R

A DNA region necessary for markerless chromosomal
gene disruption of a Corynebacterium glutamicum strain R
was amplified by the PCR method. Each PCR fragment is
linkable in overlap regions. The DNA fragment thus
obtained was introduced into the plasmid pCRA725 for
markerless gene disruption [J. Mol. Microbiol. Biotechnol.
8: 243-254(2004), JP-A-2007-295809]. Obtained plasmids
for chromosomal gene disruption are shown in Table 5.

TABLE 5

Plasmid for Chromosomal Gene Disruption
of Corvnebacterium glutamicum Strain R

Plasmid for
Chromosomal  Disrupted
Disruption Gene Forward Reverse
pCRG37 cgR_2372 SEQ ID NO: 35 SEQ ID NO: 36*
SEQ ID NO: 37* SEQ ID NO: 38
pCRG41 cgR_1237 SEQ ID NO: 39 SEQ ID NO: 40*
SEQ ID NO: 41* SEQ ID NO: 42

*Primer including overlap region
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(5) Construction of 2-Phenylethanol Producing Strains by
Chromosomal Gene Recombination

The vector pCRA725 for markerless chromosomal gene
introduction is a plasmid that cannot be replicated in
Corynebacterium glutamicum R. In a case of a single
crossover strain in which crossover occurs at homologous
region on the chromosome introduced into the plasmid
pCRA725, the strain exhibits the kanamycin resistance due
to the expression of the kanamycin-resistant gene on
pCRA725, and the lethality in a sucrose-containing medium
due to the expression of the sacR-sacB gene of the Bacillus
subtilis. In contrast, in a case of a double crossover strain,
the strain exhibits the kanamycin sensitivity due to the loss
of the kanamycin-resistant gene on pCRA725, and the
growth ability in a sucrose-containing medium due to the
loss of the sacR-sacB gene. A markerless chromosomal gene
introduced strain, therefore, exhibits the kanamycin sensi-
tivity and the growth ability in the sucrose-containing
medium.

By the above-described methods, gene recombinant
strains were constructed by using the above-described plas-
mids for chromosomal introduction of 2-phenylethanol-
production-related genes and the above-described plasmids
for chromosomal gene disruption. Corynebacterium gluta-
micum strain R, and 1dhA disruption strain CRZ1 [Biotech-
nol Bioeng. November; 110(11): 2938-2948 (2013)] were
used as host strains. Additionally, the following were also
used: plasmid pCRB285 for chromosomal introduction of
aroG (S180F) gene [W02017/169399]; plasmid pCRB292
for chromosomal introduction of aroD gene [WO2017/
169399]; plasmid pCRB294 for chromosomal introduction
of aroE gene [W02017/169399]; plasmid pCRB289 for
chromosomal introduction of aroA gene [W02017/169399];
plasmid pCRB287 for chromosomal introduction of
aroCKB gene [W02017/169399]; plasmid pCRB294 for
chromosomal introduction of gapA gene [Appl Environ
Microbiol. 78(12): 4447-4457 (2012)]; plasmid pSKM 14 for
chromosomal introduction of iolT1 gene [WO2016/
027870]; plasmid pSKM26 for disruption of qsuB gene
[W0O2016/027870]; plasmid pSKM28 for disruption of
hdpA gene [W0O2016/027870]; and plasmid pCRC809 for
disruption of ptsH gene [Microbiology. 155 (Ptl1): 3652-
3660 (2009)]. This chromosomal gene recombination is
outlined together in Tables 6 and 7.

TABLE 6

Construction of 2-phenylethanol Producing Strains

by Chromosomal Gene Recombination

Constructed
Strain Host Strain Recombination Plasmid
ES2pel C. glutamicum R pCRG37
LHglc1449 CRZ1 pCRB285, pCRB292, pCRB294,

pCRB289, pCRB287, pCRG27,
pCRD906, pSKM14, LKSphe42,
LKS2pe5, LKS2pe2, LKS2pel,
LKS2pe7, pSKM26, pSKM28,
pCRC809, pCRG41
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TABLE 7

Outline of 2-Phenylethanol Producing Strains
Constructed by Chromosomal Gene Recombination

Disrupted
Constructed Chromosome Chromosomal
Strain Introduced Gene Gene
ES2pel cgR_2372
LHglc1449 aroG (S180F), aroD, qsuB, hdpA, ptsH,

aroE, aroA, aroCKB,
tkt-tal, gapA, iolT1, aroL,

pheA (T304_Q306dup,

A303_Q307insK) x 3

cgR_1237, IdhA

%3: Indicating the Number of genes introduced into chromosome

(6) Construction of Strain in Which Plasmid for Expression
of 2-phenylethanol Producing Gene is Introduced

The pdc gene, the ipdC gene, and the like were introduced
into the above-described chromosomal gene recombinant
strains, whereby 2-phenylethanol-producing strains were
constructed. The producing strains thus constructed are
outlined together in Table 8.

TABLE 8
Qutline of 2-Phenvylethanol Producing Strains
Constructed Host Introduced
Strain Strain Plasmid Gene Source
2PE97 LHglc1449 PGibu37 Enterobacter cloacae
2PE143 LHglc1449  P2pe60 Azospivillum brasilense
2PE144 LHglc1449 PGibu50  Corynebacterium aurimucosum
2PE145 LHglc1449 PGibu52 Rhodopseudomonas palustris
2PE146 LHglc1449  P2peg3 Caldilinea aerophila
2PE147 LHglc1449  P2pegS Rhodospirillum rubrum

These strains were cultured in vitro. The strain 2PE97 as
well as the strains 2PE143 to 2PE147, which produced 38
mM or more of 2-phenylethanol at 33° C. after 48 hours,
were subjected to production tests by jar culture as follows.
[Test of production of 2-phenylethanol from glucose by a
strain in which a gene that encodes an enzyme having
phenylpyruvate decarboxylase activity was introduced]

Each of 2-phenylethanol producing gene introduced
strains (strains 2PE97, 143-147) was applied to an A-agar
plate [obtained by suspending the following in 1 liter of
distilled water: (NH,),CO, 2 g; (NH,),SO,, 7 g; KH,PO,,
0.5 g; K2HPO,, 0.5 g; MgSO,-7H,0, 0.5 g; 0.06% (w/v)
FeSO,7H,0+40.042% (w/v) MnSO,-2H,0, 1 ml; 0.02%
(w/v) biotin solution, 1 ml; 0.01% (w/v) thiamin solution, 2
ml; yeast extract, 2 g; vitamin assay casamino acid, 7 g;
glucose, 40 g; and agar, 15 g] containing kanamycin of 50
ng/ml., and it was subjected to static culture at 33° C. for 18
hours.

One platinum loop of each of 2-phenylethanol producing
gene introduced strains (strains 2PE97, 143-147), grown on
the above-described plates, was inoculated in a test tube
containing 10 ml of an A-liquid medium [obtained by
dissolving the following in 1 liter of distilled water:
(NH,),CO, 2 g; (NH,),SO., 7 g; KH,PO,, 0.5 g; K2HPO,,
0.5 g MgSO,-7H,0, 0.5 g; 0.06% (w/v) FeSO, 7H,O0+
0.042% (w/v) MnSO,2H,O, 1 ml; 0.02% (w/v) biotin
solution, 1 ml; 0.01% (w/v) thiamin solution, 2 ml; yeast
extract, 2 g; vitamin assay casamino acid, 7 g; and glucose,
40 g| containing kanamycin of 50 pg/ml., and it was
subjected to aerobic shaking culture at 33° C. for 18 hours.

The culture solution thus obtained was transferred to a
100 mL jar fermentor device so that an initial OD610 was
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0.8, and glucose as a substrate was added (initial concen-
tration: 100 g/L.) to the A-medium. The pH of the culture
reaction solution was adjusted using 2.5 N aqueous ammo-
nia so that it would not become below 7.0, and culturing was
carried out at 33° C. under aerated conditions. Glucose was
appropriately added when the concentration thereof
decreased.

Each culture solution sampled was centrifuged (4° C.,
10,000xg, 5 minutes), and the product was analyzed by
using the supernatant obtained. The glucose concentration in
the culture solution was measured by using a glucose sensor
(OSI BF-5D). The concentration of 2-phenylethanol was
measured with a HPLC system manufactured by Shimadzu
Corporation, in which a COSMOSIL C18-AR-II of Nacalai
Tesque was used as a separation column. The separation
conditions of HPLC were as follows: 40% methanol and
0.069% perchloric acid were used in the mobile phase, the
flow rate was set to 1.0 ml/min, and the column temperature
was set to 40° C.

As described above, the gene that encodes an enzyme
having phenylpyruvate decarboxylase activity was cloned,
and was introduced into the strain LHglc1449 as a coryne-
form bacterium host for 2-phenylethanol production, for
examination. Table 9 shows recombinant strains that exhib-
ited productivities of 2-phenylethanol concentrations of 25
mM or more after 48-hour culture with the host, the culture,
and the reaction conditions described above. The strain
2PE97 produced the highest concentration 2-Phenylethanol.

TABLE 9

Comparison of concentrations of 2-phenylethanol
produced by producing strains in
which enzyme genes having Pdc
activities were introduced

Recombinant Concentration of

Strain 2-phenylethanol (mM)
2PE97 55.6
2PE143 47.7
2PE144 48.9
2PE145 48.2
2PE146 39.6
2PE147 26.1

Corynebacterium glutamicum strain 2PE97 was deposited
in Incorporated Administrative Agency National Institute of
Technology and Evaluation, NITE Patent Microorganisms
Depositary (NPMD) (2-5-8-122 Kazusakamatari, Kisarazu-
shi, Chiba 292-0818 Japan) as an international depositary
authority, under Accession Number NITE BP-02830 on
Nov. 22, 2018.

Example 2

Experiment of 2-Phenylethanol Production of
Corynebacterium glutamicum Strain in which a
2-Phenylethanol Producing Gene was Introduced

Corynebacterium glutamicum strain in which 2-phenyle-
thanol producing gene was introduced (strain 2PE97) was
applied to an A-agar plate (the same as that described above)
containing kanamycin of 50 pg/m L, and was subjected to
static culture at 33° C. for 18 hours.

One platinum loop of the strain 2PE97, grown on the
above-described plates, was inoculated in a test tube con-
taining 10 ml of the A-liquid medium (the same as that
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described above) containing kanamycin of 50 pg/m L, and
was subjected to aerobic shaking culture at 33° C. for 18
hours.

The culture solution thus obtained was transferred to a
100 mL jar fermentor device so that an initial OD610 was
0.8, glucose as a substrate was added (initial concentration:
100 g/L) to the A-medium. The pH of the culture solution
was adjusted using 2.5 N aqueous ammonia so that it would
not become below 7.0, and culturing was carried out at 33°
C. under aerated conditions. Glucose was appropriately
added when the concentration thereof decreased.

Each culture solution sampled was centrifuged (4° C.,
10,000xg, 5 minutes), and the product was analyzed by
using the supernatant obtained. The glucose concentration in
the culture solution was measured by using a glucose sensor
(OSI BF-5D). The concentration of 2-phenylethanol was
measured with a HPLC system manufactured by Shimadzu
Corporation, in which a COSMOSIL C18-AR-II of Nacalai
Tesque was used as a separation column. The separation
conditions of HPLC were as follows: 40% methanol and
0.069% perchloric acid were used in the mobile phase, the
flow rate was set to 1.0 ml/min, and the column temperature
was set to 40° C. As a result of 48-hour reaction, the yield
of 2-phenylethanol was 6.5 g/L. (FIG. 1). On the other hand,
a gene recombinant in which the phenylpyruvate decarboxy-
lase gene was not introduced, used as a control, did not
produce 2-phenylethanol at all.

The strain 2PE97 produced in Example 1 was applied to
an A-agar plate (the same as that described above) contain-
ing kanamycin of 50 pg/ml., and was left to stand at 33° C.
for 16 hours.

One platinum loop of the strain 2PE97, grown on the
above-described plates, was inoculated in a test tube con-
taining 10 ml of the A-liquid medium (the same as that
described above) containing kanamycin of 50 pg/ml, and
was subjected to aerobic shaking culture at 33° C. for 16
hours.

The strain 2PE97, grown under the above-described con-
ditions, was inoculated in a 2-liter Erlenmeyer flask con-
taining 500 ml of the A-liquid medium (the same as that
described above) containing kanamycin of 50 pg/ml, and
was subjected to aerobic shaking culture at 33° C. for 16
hours.

Bacterial cells thus cultured and grown were collected by
centrifugation (4° C., 5,000xg, 10 minutes). The bacterial
cells thus obtained were suspended in 400 ml of BT (-urea)-
liquid medium [0.7% (NH,),SO,, 0.05% KH,PO,, 0.05%
K2HPO,, 0.05% MgSO,,-7H,0, 0.06% (w/v) FeSO,-7TH,O+
0.000042% (w/v) MnSO,-2H,O, 0.00002% (w/v) thiamin
solution] so as to have a final bacteria cell concentration of
5%. The culture solution thus obtained was transferred to a
1-liter jar fermentor device, glucose as a substrate was added
(initial concentration: 100 g/I.), and the reaction was
allowed to occur at 33° C., with the pH of the reaction
solution being adjusted using 5.0 N aqueous ammonia so
that it would not become below 7.0, in a state where
bacterial cells did not grow, under conditions of the aeration
amount of 1.0 vvm as well as an agitation speed of 900 rpm.
A synthetic adsorption resin XAD2 (Organo Corporation)
was added so as to have a final concentration of 5% (w/v),
for the purpose of causing the resin to adsorb 2-phenyletha-
nol.

Each reaction solution sampled was centrifuged (4° C.,
10,000xg, 5 minutes), and the product was analyzed by
using the supernatant obtained. The glucose concentration in
the culture solution was measured by using a glucose sensor
(OSI BF-5D). The concentration of 2-phenylethanol was
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measured with a HPLC system manufactured by Shimadzu
Corporation, in which a COSMOSIL C18-AR-II of Nacalai
Tesque was used as a separation column. The separation
conditions of HPLC were as follows: 40% methanol and
0.069% perchloric acid were used in the mobile phase, the
flow rate was set to 1.0 ml/min, and the column temperature
was set to 40° C. The 2-phenylethanol that the XAD2
adsorbed was eluted by acetone, and thereafter it was
similarly subjected to the HPLC analysis.

As a result of the production reaction in which the
transformant substantially did not grow, accumulation of
2-phenylethanol was observed (FIG. 2, the left part, illus-
trates changes with time of the concentration of 2-phenyle-
thanol remaining in the culture solution). A total of 12.8 g/L,
(105 mM) of 2-phenylethanol, including that adsorbed to the
resin, was produced during 53.5 hours of the reaction. The
details of the same are: 78 mM adsorbed to the resin; and 27
mM remaining in the culture solution (FIG. 2, the right part).

Example 3

Tests Regarding Suitability as Host for
2-Phenylethanol Production

Influence of 2-Phenylethanol to Aerobic Growth

Tests regarding growth inhibition by 2-phenylethanol in
aerobic culture were carried out on Corynebacterium glu-
tamicum, FEscherichia coli, Pseudomonas putida, and
Kluyveromyces marxianus.

Corynebacterium glutamicum R was applied to an A-agar
plate (the same as that described above), and was left to
stand in a dark place at 33° C. for 15 hours.

One platinum loop of Corynebacterium glutamicum R
grown on the plate described above was inoculated in a test
tube having therein 10 ml of the A-liquid medium, and
aerobic shaking culture was carried out at 33° C. for 13
hours.

Corynebacterium glutamicum R grown under the above-
described conditions was inoculated in 100 ml of the A-lig-
uid medium (the same as that described above) so that the
initial bacterial cell concentration OD610=0.05 was
achieved. Simultaneously, 2-phenylethanol was added so
that the final concentrations thereof became 0, 10, 20, 30, 40,
and 50 mM, and aerobic shaking culture was carried out at
33° C. The growth of bacterial cells was determined by
measuring the absorbance of OD610.

Escherichia coli MG1655 was applied to an LB-agar plate
[containing 1% polypeptone, 0.5% yeast extract, 0.5%
sodium chloride, and 1.5% agar|, and was left to stand at 37°
C. for 15 hours in a dark place.

One platinum loop of Escherichia coli MG1655 grown on
the plate described above was inoculated in a test tube
having therein 10 ml of an LB-liquid medium [containing
1% polypeptone, 0.5% yeast extract, and 0.5% sodium
chloride], and was subjected to aerobic shaking culture at
37¢ C. for 13 hours.

Escherichia coli MG1655 grown under the above-de-
scribed conditions was inoculated in 100 m1 of the LB-liquid
medium so that the initial bacterial cell concentration
0OD610=0.05 was achieved. Simultaneously, 2-phenyletha-
nol was added so that the final concentrations thereof
became 0, 10, 20, 30, 40, and 50 mM, and aerobic shaking
culture was carried out at 33° C. The growth of bacterial
cells was determined by measuring the absorbance of
0D610.

Pseudomonas putida S12 was applied to an [.B-agar plate
[containing 1% polypeptone, 0.5% yeast extract, 0.5%
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sodium chloride, and 1.5% agar]|, and was left to stand at 30°
C. for 15 hours in a dark place.

One platinum loop of Pseudomonas putida S12 grown on
the plate described above was inoculated in a test tube
having therein 10 ml of an LB(+glucose)-liquid medium
[containing 1% polypeptone, 0.5% yeast extract, 0.5%
sodium chloride, and 0.4% glucose|, and was subjected to
aerobic shaking culture at 33° C. for 13 hours. The
Pseudomonas putida S12 strain grown under the above-
described conditions was inoculated in 100 ml of the LB(+
glucose)-liquid medium so that the initial bacterial cell
concentration OD610=0.05 was achieved. Simultaneously,
2-phenylethanol was added so that the final concentrations
thereof became 0, 10, 20, 30, 40, and 50 mM, and aerobic
shaking culture was carried out at 30° C. The growth of
bacterial cells was determined by measuring the absorbance
of OD610.

Further, Kluyveromyces marxianus was applied to a YPD-
agar plate [containing 2% polypeptone, 1% yeast extract,
2% glucose, and 1.5% agar], and was left to stand at 30° C.
for 15 hours in a dark place.

One platinum loop of Kluyveromyces marxianus grown
on the plate described above was inoculated in a test tube
having therein 10 ml of a YPD-liquid medium [containing
2% polypeptone, 1% yeast extract, and 2% glucose], and
was subjected to aerobic shaking culture at 40° C. for 13
hours.

Kluyveromyces marxianus grown under the above-de-
scribed conditions was inoculated in 100 ml of the YPD-
liquid medium so that the initial bacterial cell concentration
0OD610=0.05 was achieved. Simultaneously, 2-phenyletha-
nol was added so that the final concentrations thereof
became 0, 10, 20, 30, 40, and 50 mM, and aerobic shaking
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culture was carried out at 40° C. The growth of bacterial
cells was determined by measuring the absorbance of
0D610.

How the addition of 2-phenylethanol to the media influ-
enced aerobic growth was analyzed, and the results are
shown in FIG. 3. The growth of Escherichia coli was
significantly inhibited under the presence of 20 mM 2-phe-
nylethanol, and the growth thereof was substantially com-
pletely inhibited under the presence of 30 mM 2-phenyle-
thanol.

Pseudomonas putida S12, reported to be a solvent-resis-
tant bacterium, exhibited similar tendencies, and the growth
thereof was completely inhibited under the presence of 30
mM 2-phenylethanol.

In contrast, the growth of Corynebacterium glutamicum
was not influenced at all under the presence of 20 mM
2-phenylethanol that strongly inhibited the growth of
Escherichia coli, Pseudomonas putida, and Kluyveromyces
marxianus. In addition, under the presence of 30 mM
2-phenylethanol that substantially completely inhibited the
growth of Escherichia coli, Pseudomonas putida, and
Kluyveromyces marxianus, the growth of Corynebacterium
glutamicum was delayed, but was improved 24 hours after.

The above-described results show that Corynebacterium
glutamicum exhibited a high resistance against 2-phenyle-
thanol, as compared with Escherichia coli, Pseudomonas
putida, and Kluyveromyces marxianus. Thus, it was proved
that Corynebacterium glutamicum is highly suitable as a
host for 2-phenylethanol production.

INDUSTRIAL APPLICABILITY

According to the present disclosure, it is possible to
produce 2-phenylethanol from a saccharide raw material
with a practical efficiency.

PCT
0-1  Form PCT/RO/134 JPO-PAS
0-1-1 This description of a deposited 370
microorganism or another biological
specimen (PCT Rule 13(2)) is made
by the system described at right.
0-2  International Application Number
0-3  Applicant or Attorney Number H4698-01
1 The description below relates to the
microorganism or biological
specimen described in the detailed
description of the invention.
1-1 Paragraph number 0013
1-3  Description of Deposition IPOD
1-3-1 Name of depository organization Incorporated Administrative
1-3-2  Address of depository organization Agency National Institute of Technology
1-3-3 Date of deposition and Evaluation, International Patent
1-3-4  Accession number Organisms Depositary (NITE-IPOD)
2-5-8-120 Kazusakamatari, Kisarazushi,
Chiba 292-0818 Japan
Nov. 14, 2013 (14 Nov. 2013)
IPOD FERM BP-18976
1-5  Designated country All of the designated countries
2 The description below relates to the
microorganism or biological
specimen described in the detailed
description of the invention.
2-1 Paragraph number 0048
2-3  Description of Deposition IPOD Incorporated Administrative
2-3-1 Name of depository organization Agency National Institute of Technology
2-3-2  Address of depository organization and Evaluation, Patent Microorganisms



US 12,006,527 B2
21

22

-continued
2-3-3 Date of deposition Depositary (NPMD)
2-3-4  Accession number 2-5-8-122 Kazusakamatari, Kisarazu
shi, Chiba 292-0818 Japan
Nov. 22, 2018 (22 Nov. 2018)
NPMD NITE BP-02830
-5 Designated country All of the designated countries
Receiving Office Entry Field
0-4  This sheet was received with an v
international application.
(Yes/No)
0-4-1 Authorized officer Tsuneo NAGAI
International Bureau Entry Field
0-5  Date when this sheet was received
by the international bureau
0-5-1 Authorized officer
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 39
<210> SEQ ID NO 1
<211> LENGTH: 1638
<212> TYPE: DNA
<213> ORGANISM: Azospirillum brasilense
<400> SEQUENCE: 1
atgaagctgg ccgaagectt getgegegeg ctgaaggate geggegcaca ggcecatgtte 60
gggattcegg gegatttege cttgeectte ttcaaggtgg cggaggaaac gcagatectg 120
ccgetecaca cgctgageca cgageceggeg gtgggetteg cggeggacge ggeggegege 180
tacagcteca ctectaggggt ggeggeggte acctacgggg cgggegectt caacatggtg 240
aatgcggtgg ccggegecta cgecgagaag tcgeeggteg tegtcatete cggegegecg 300
ggcacgacgg agggcaacgc cggectgetyg ctgcaccacce agggecgcac gctggacacyg 360
cagttccagg tgttcaagga gatcaccgtg geccaggece ggectggacga ccceggccaag 420
gecceggegyg agatcegeceg cgtgetgggyg gecgecegeg cectgtegeyg cceggtetat 480
ctggaaatce cccgcaacat ggtcaacgece gaggtcgage cggtgggega cgacccecegec 540
tggceggtgyg accgegacge getggecgee tgegeggacg aggtgetgge ggecatgege 600
tcggecacgt ccceggtget gatggtetge gtegaggtece gecgetacgg getggaggece 660
aaggtggegyg agctggegea geggetggge gtgeeggtgg tcaccaccett catggggege 720
ggcctgetgg ccgacgegee gacccegeceyg cteggcacct acateggegt tgecggegac 780
geggagatca cceggetggt cgaggagteg gacgggetgt tectgetegg cgecatecte 840
agcgacacaa acttegeggt gtcccagege aagatcgace tgcgcaagac catccacgece 900
ttcgaccggyg cggtgacget gggctatcac acctacgeeg acatcecget ggacgggetg 960
gtggacgege tgctggageg getgeegeeg tccgaccgca cgacgcegegyg caaggaacec 1020
cacgcctace cgaccggect tcaggecgac gacggceccca tegecaccgat ggacatcegece 1080
cgegeegtea acgaccgegt gegegecggg caggagecge tgctgatege ggeggacatg 1140
ggcgactgece tgttcaccgce catggacatg atcgacgceg ggctgatggce gccgggctat 1200
tacgcgggca tgggcttegg cgtgeeggeg ggeategggg cgcagtgegt gtegggegge 1260
aagcgcatcce tgacggtggt cggcgacggce gccttceccaga tgaccgggtg ggagcettggce 1320
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aactgccgac ggctgggcat cgaccccatce gtgatcetgt tcaacaacgce cagttgggag 1380
atgctgcegca cctteccagec cgaatcecgcee ttcaatgacce tggacgactg gegcettegece 1440
gagatggcgg cgggcatggg cggcgacggt gtgcgtgtge gcacgegggce ggagctgaag 1500
geggegetygyg acaaggcectt cgccacgege gggegettee agetgatcga ggegatgatce 1560
cceegeggeg tgctgtecga cacgetggece cgettegtec aggggcagaa gcegectgcac 1620
gccgegecee gggaataa 1638
<210> SEQ ID NO 2
<211> LENGTH: 1674
<212> TYPE: DNA
<213> ORGANISM: Corynebacterium aurimucosum
<400> SEQUENCE: 2
atgcagacca ccattggtga tttcatcctg gaccgccteca aggccatcegyg cattactgaa 60
atcatcggeg tgcceggtga cttcaacctg agettecteg agcagattga ggcectcecgag 120
ggaatcceget tegteggege ctgcaacgag ctcaacgetg cctatgecge tgatggetat 180
geeegecaga aaggtgtggg ctgectgete accacctacyg gegtgggega getttecgee 240
ctcaacggca tcgegggtge acgtgecgag cacgtcecege tggtgtceget ggegggegeg 300
cecgecgeagt atgcgaccga attccgetgg aacctgcace actegettge cgacggcgac 360
tttgccaaca tgctggattc ctttgcacce ttcaccgagyg tggccacgeyg tgtgtcccce 420
atgaacgtag tcgaggaatt cgaccgegece ctgcacacct gectgcegega gaagegeccyg 480
gtgcacatce agattcctte cgatatcact cacctgacca tcgaggtccc cgacgaacct 540
ttctecaceg agetggcace ctccgatcca gagegcectga acgecgetge ggactacgtg 600
ctggagcace tcgctaaggce caaggaccceg atcatccteca tcegaccagga caccaaccgce 660
cacggtttca cggagaaatt ccgcgccatce atcgacaagg cccagcetgece ctactcccag 720
ctcetecteeg gcaaggecat cctgtcetgag cgecaccege tgttcategyg cacctataac 780
ggegeggect ctgeccceggg cgtgcaggag cgcatcgaaa aatccgactt cctggtcacce 840
accaaccccee gcttcatcga ggtcaactcee ggttecttea cccacaacct ggcecgatgece 900
cgegtetaca actteggega ccagcaccte aacgccgacyg gcgaatactt cgtgggcate 960
aatacgctgg agcttctega cgtcectecte gaccgcatcece cggaagccgg ggcatcgaca 1020
agcgeggett tcgaacccga geccttegag cegaaccegyg atgeccceget gacccaggaa 1080
cgcatctgge cgcagatgcet cggcttcate caagaagatg acgtggtcat cgccgaagcece 1140
ggcacctecca atatcggttt gggccagcag cgcatgcceg agggcgtgca gtacatcaac 1200
tccaccatct ggggttcecat cggctttace ctgccgtgeg tgctecggcte gcagcetggece 1260
aacccggagce gecgccacgt cctcettecate ggtgatgget ccectteccaget caccgcccag 1320
gagctgteca ccatcctgcecg ccaggacctce aagcccatca tegtgcectggt caataacgat 1380
ggctacacca tcgagcgcta catcttgggce atggagcgeg agtacaacga gatccagatg 1440
tgggattaca cgtctctgcc gaaggtcttce atgaaggaca ccacgatgga atcctacgtg 1500
gectcaaceyg aaggcgagcet ggcgaaggcece ctagacgaca tcgctgecca cccagagege 1560
ggcgecttee tcecgaggttceg cctegacget ttcgacgcge cgaagggect tcaggcectte 1620
ggccegcaga ccgcetgattt cgacttegge cctegeggec cecgcaacgce ctaa 1674

<210> SEQ ID NO 3
<211> LENGTH: 1659
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-continued
<212> TYPE: DNA
<213> ORGANISM: Enterobacter cloacae
<400> SEQUENCE: 3
atgcgaacce catactgegt cgccgattac ctgctggace gtcttacaga ttgtggtgece 60
gatcatctgt ttggcgtgce gggcgactat aacctgcagt ttetcgatca tgtcatcgac 120
agcceggata tetgttgggt gggctgtgec aatgagctaa acgcatctta tgccgetgac 180
ggatatgcee gatgtaaggg ctttgeccgeg ctgctgacaa catttggegt aggggaatta 240
agtgccatga acggcatggce cggcagettt gecgagcatyg tteeggtgtt acacattgtg 300
ggggcaccygyg gtacggcecte acagcaaaaa ggtgagetge tgcaccacac getgggtgat 360
ggtgagttece gtcacttcta ccatatgagt gaaccgatca cggtcgegca ggcgatcctg 420
accgaacaaa acgcctgcta cgaaatcgac agagtgttaa caaccatget gcgggagcga 480
cgtccagget acctgatget gectgetgat gtggctaaaa aatcagccac gccgectgta 540
aacgctctca cgttaaagac agcgcatgec gataacgect gectgaaage gttccgagac 600
geegecgaga gcagactgaa aacaagcaag cgtaccgege tgttggecga tttectggte 660
ctgcgecacyg gcatgaaaca tgccctgcag aaatgggtga aagaggtgece cattgeccac 720
gecaccatge tgatgggcaa gggcattttt gacgaacgcc ageccggttt ttatggcacyg 780
tacagtggtt cggcaagcgt cggggcggta aaagaggcca tcegaaggggce ggatacggta 840
ctgtgecattyg gcacgegttt tactgatact ctgacggegg ggtttaccca tcagetgacg 900
caggcgcaaa cgatagaagt gcagccccat gecgcacggyg tgggggatgt ctggtttace 960
ggtatcccecta tgtctgacge gatcgagacg ctggtggcte tcectgcaaaca gtatgtcecat 1020
gataccctgg cgccagtcte tcacageggt atcgeccttec cgcaatccga gggctcegetce 1080
actcaggaga atttctggag caccctgcaa acctttattc gecccgggtga cattattcett 1140
gccgaccagg ggacgtcage ctttggtgeg atcgatttge gtctaccggce agatgtgaat 1200
tttatcgtce agccgctgtyg gggctcecatt ggctacacce tggccgcggce gtatggtgece 1260
caaaccgcct gtccagaccg gegcgtcecatt gtgctcacgg gggatggcge cgcgcagttg 1320
accattcagg aactgggctc gatgctgcgt gataaacagc accccattat cctggtgcetce 1380
aacaatgaag ggtacaccgt agagagggcece attcatggac cggaacagceyg ctataacgac 1440
attgccttat ggaactggac gcaaattccg caggcactga gecctggatcce tcaggcacag 1500
tgctggeggyg tcagtgaage ggaacagetyg geggaggtge tcgaaaaagt ggcacaccac 1560
gagcgactaa cattgattga agtgatgcta cccaaagcgg atatcccgcec gctgttaggg 1620
gcgattacca aagcgctgga agcgtgtaat aacgcctga 1659
<210> SEQ ID NO 4
<211> LENGTH: 1632
<212> TYPE: DNA
<213> ORGANISM: Rhodopseudomonas palustris
<400> SEQUENCE: 4
atgccgacac ttgcgaccge getgctegac gecctcaagyg atcatggtge ccgagagatt 60
tteggecatte ccggegattt cgtgetgecg tttttcaagyg tgatcgaaga gagcggcacyg 120
ctgcegtatt tcaccatgag ccacgagecg geggtegget tegeggcecga tgcggegteg 180
cgctategeg gcagecategg cgtcegeggtyg gtgacctacyg gggecggege gttcaaccte 240
gtcaactcga ttgeccggege ctatgeggag cgctegecgg tggtggtgat cgecggegeg 300
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-continued
cegggegege gcegagegcac cagcggetat ctgetgeate atcaggtcecg caccgtcgat 360
tcccaacteg cggtattcaa ggaagtcact tgegatcagyg cegtgctgag cgatccggeg 420
accgegeceg cggagatcege gegggtgetyg cggagcegege tcegaattgte getgecggtyg 480
tacatcgaat ttcccecgega catggtegac gecaaggteg accceggtgece gaagetgecg 540
cggcgegagg ccgatatcegg cgcgegggac gagtgtgecyg aagaaatcct ggatcggate 600
gccagggcaa agtcgeccggt gatggtggtg gacgtcegaaa tcecgecgceta cggegtcegag 660
cagcaggteg ccgegetgge ccgcaagete ggectgeegyg tggtgacgac gttcatggge 720
cgeggectge tcegaaggcga cgacgacgtg gtggetggea cctatctegyg cgeggetggt 780
gatccggace tgtcggceget ggtcecgaggge gecgatetgg tgctgatgtt cggtgtcatce 840
ctgtecgata ccaacttcge getgtecteg aacatgaceyg atccgegecyg caccgtgetg 900
gegactggge gcgaggtgca gatcggecac cacgtctate gegacctgec getggctgac 960
ctgatcgececg gtctegatge ccacgectceg cagcatccac cgcggcecgeg caatgteggt 1020
aaggggatgg cctatccgeg tgggctgacg ctcegacgegt cgccgatcge accgtceggat 1080
atcgecacceg cgatcaacga tctgttegac cgecacggea agatgccgat gaccgecgat 1140
atcggcgatt gectgttcac cgcgatggag atcgacaaca ctgcgctgge ggccccggga 1200
tactacgcag gcatggggtt cggcgtgcce gcecggcegteg gegttgeccge gaccggectg 1260
cggccegetgg tgctggtggg cgacggtgcg tttcagatga ccggctggga getcggcaac 1320
tgcaagcgct acgggctcega tecgategtg gtgectgttca acaattgcag ctgggaaatg 1380
ctgcgggtgt tccagccgga atccaagttce aacgatctgg acgactggca ctttgccgac 1440
atcgegeatt cgateggegg ctteggegag cgggtgacga cgegegecga actcegecgeg 1500
gcgetgcage gegeggtcecga gcggcgeggg gtgttcectcac tgatcgaagt gatgttgecyg 1560
cgtggegtta cctcegcacac getggegegg ttegtcaccg gettcaagge ggcgcecgtgaa 1620
cggatgaagt ga 1632
<210> SEQ ID NO 5
<211> LENGTH: 1662
<212> TYPE: DNA
<213> ORGANISM: Rhodospirillum rubrum
<400> SEQUENCE: 5
atgcccacca tcgecacgge cttgcttgac gegttgaagyg cccatgggge gacccggate 60
tteggecatte ccggegattt cgccctgecg ttettecggyg tggecgaaca aagcgeccte 120
ttgcegetgt acaccctgag ccacgaaccce ggagtcegget tegecgcecga cgectgegece 180
cgecatgggge geggectegg ggtggeggeg gtcacttacyg gegecgggge cttgaacatg 240
gtcaatcegy tggecgggge ttggtceggag aaatcaccce tggtggtgat ttecggegece 300
cceggegteg ccgaatccge cggceggectyg ctgctccace atcaggccaa aaccctcgac 360
agccagtgge ggatctttga agagatcacce tgegeccgea ccecgecttga tgaccegetg 420
accgeccceeg gggaaatcege ccgggtgttyg cgggectgece ttgaacactce ccgeccegte 480
tatatcgaaa tccceccgega catcgtegat gegecctgeg cegecgtgga ccegectgecg 540
cccaccceegg tcegatggega ageggtegaa gecgecgeceg gcegagatcat ggcecegettg 600
getgeggeca gegecccogge gcetgetgetyg ggggtegagg tcecgtegeca cggcatcgaa 660
geegatgteg ccgaactgge ccgecgectg ggectgecca tegccaccac cttcatggge 720
cggggtetgt tatccgagga gggcgeggece ggeggcegege ccgacagect gatgggcace 780
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tatctgggge tggeeggecg ccccgaggtyg cgegecgtea tegaagacte cgatggectg 840
ctgatgcteg gegtecatett gtccgacacce aattteggeyg tttegggcaa gcegcatcgac 900
ctgcgecgeg ccatgetege cgccgaccegt caggtcegece tgggetttca tacctataac 960
gatatccege tggeccgatct ggtegecgece ctgctgegte aggccgaggg cttegeccge 1020
caggacgcca aggccctacce caagccgacce gecctgcecee gggacatgat cgccgatggg 1080
gcgecgateg geccgatgga tatcgcecegeg gecatcaacg atctattcecte ggeccatggg 1140
gtgatgccga tcgectecgga tatgggcegat tgcctgttca ccgeccttga taccacccat 1200
gcgeegetgg tegecceggg ctattacgece accatggget ttggegtgece ggcegggattg 1260
ggcgttcagg ccagcetgtgg ccgeccggecg ctgatcecctgg teggcgacgg cgecttteag 1320
atgaccggtt gggagttggg caattgcgce cgctacggct gggacccgat cgtcatcgtce 1380
ttcaacaacg ccagttggga gatgctgcge accttccaac ccgacaccgce ctataacgat 1440
ctggccgatt ggcgattcege cgatctggce gceceggcectgg geggegttgg tcaccgttge 1500
caaacccgeg ccgatcetgge cecgggecctg gatcgggegyg cecgegaace ggggegettt 1560
cacctgatcg aggcggttet ggcgcegeggg gcgatctegg acaccctceca gegettegte 1620
accacgatga aaggccgcca cgccgeggceg gccgatgect ga 1662
<210> SEQ ID NO 6
<211> LENGTH: 525
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 6
atgacacaac ctctttttct gatcgggect cggggctgtyg gtaaaacaac ggtcggaatg 60
geecttgeeyg attcgettaa ccegteggttt gtcegatacceyg atcagtggtt gcaatcacag 120
ctcaatatga cggtegegga gatcgtecgaa agggaagagt gggegggatt tcegegecaga 180
gaaacggcegyg cgctggaage ggtaactgeg ccatccaccg ttatcgetac aggeggegge 240
attattctga cggaatttaa tcgtcacttc atgcaaaata acgggatcgt ggtttatttg 300
tgtgegecag tatcagtcct ggttaaccga ctgcaagetyg caccggaaga agatttacgg 360
ccaaccttaa cgggaaaacc gctgagegaa gaagttcagg aagtgctgga agaacgcgat 420
gegetatate gegaagttge gcatattatc atcgacgcaa caaacgaacc cagcecaggtyg 480
atttctgaaa ttcgcagcgce cctggcacag acgatcaatt gttga 525
<210> SEQ ID NO 7
<211> LENGTH: 1155
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 7
atgacatcgg aaaacccgtt actggegetg cgagagaaaa tcagegceget ggatgaaaaa 60
ttattagcegt tactggcaga acggcgcgaa ctggccgteg aggtgggaaa agccaaactg 120
ctetegecate geceggtacg tgatattgat cgtgaacgeg atttgctgga aagattaatt 180
acgcteggta aagcgcacca tctggacgece cattacatta ctegectgtt ccagetcate 240
attgaagatt ccgtattaac tcagcaggct ttgctccaac aacatctcaa taaaattaat 300
ccgecactcag cacgcatcge ttttcetegge cecaaaggtt cttattccca tettgeggeg 360
cgccagtatg ctgccegtca ctttgagcaa ttcattgaaa gtggctgege caaatttgece 420
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gatattttta atcaggtgga aaccggccag gccgactatg ccgtcgtacc gattgaaaat 480
accagctceg gtgccataaa cgacgtttac gatctgetge aacataccag cttgtcgatt 540
gttggcgaga tgacgttaac tatcgaccat tgtttgttgg tctccggcac tactgattta 600
tccaccatca atacggtcta cagccatceg cagccattcc agcaatgcag caaattcctt 660
aatcgttatc cgcactggaa gattgaatat accgaaagta cgtctgeggce aatggaaaag 720
gttgcacagg caaaatcacc gcatgttgct gecgttgggaa gcgaagctgg cggcactttg 780
tacggtttgc aggtactgga gcgtattgaa gcaaatcagc gacaaaactt cacccgattt 840
gtggtgttgg cgcgtaaagc cattaacgtg tctgatcagg ttccggcgaa aaccacgttg 900
ttaatggcga agcaagccgg tgcgctggtt gaagegttge tggtactgeg caaccacaat 960

ctgattatga cccgtctgga atcacgcccg attcacggta atccatggga agagatgttce 1020
tatctggata ttcaggccaa tcecttgaatca gcggaaatgc aaaaagcatt gaaagagtta 1080
ggggaaatca cccgttcaat gaaggtattg ggctgttacc caagtgagaa cgtagtgcect 1140

gttgatccaa cctga 1155

<210> SEQ ID NO 8

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 8

ggaattccat atgaagctgg ccgaagcec 28

<210> SEQ ID NO 9

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 9

ggaattccat atgttattce cggggcgcgg 30

<210> SEQ ID NO 10

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 10

ctctcatatg cagaccacca ttggtg 26

<210> SEQ ID NO 11

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 11

ctctcatatg tctceccacctt aggcgttg 28
<210> SEQ ID NO 12

<211> LENGTH: 30

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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34

<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Primer

SEQUENCE: 12

ctcttegega atgcgaacce catactgegt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 13

ctcttegega tcaggegtta ttacacgett ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 14

ctctcatatg ccgacacttg cgac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 15

ctctcatatyg tcacttcate cgttcacge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 16

ggaattccat atgcccacca tcgcecacyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 17

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 17

ggaattccat atgcccgtec ttgatcgaag gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 18

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 18

ctctcatatg acacaaccte tttttetgat cg

30

31

24

29

28

32

32
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<210> SEQ ID NO 19

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 19

ctctcatatg acgttaagta taggegeteg

<210> SEQ ID NO 20

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 20

ggaattccat atgacatcgg aaaacccgtt ac

<210> SEQ ID NO 21

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 21

cgccattaac aacgtggttt te

<210> SEQ ID NO 22

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 22

aagcaagcceg gtgcgetgg

<210> SEQ ID NO 23

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 23

ggaattccat atgtcaggtt ggatcaacag gcac

<210> SEQ ID NO 24

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 24

ctctgtegac gagaccatat gcacgttgte

<210> SEQ ID NO 25

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

30

32

22

19

34

30
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<400> SEQUENCE: 25

ctctgtegac gectgaatcta agggtgttge

<210> SEQ ID NO 26

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 26

ctctectgea ggggattgga tgactgagea ¢

<210> SEQ ID NO 27

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 27

ctctectgea ggctecatca ttaagegacyg ag

<210> SEQ ID NO 28

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 28

ctctgtegac atggegtecat cgacattggt

<210> SEQ ID NO 29

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 29

ctctgtegac accttgegag caactcaatce

<210> SEQ ID NO 30

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 30

ctctagatct gaaaggtaag acactagtta ccg
<210> SEQ ID NO 31

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 31

ctctagatct atctgecatgg tttcagacaa cc

<210> SEQ ID NO 32

30

31

32

30

30

33

32
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<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 32

ctctgcatge ctgaattact gagctcacct tg 32

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 33

agatcaatgg tggcgatctce 20

<210> SEQ ID NO 34

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

gagatcgeca ccattgatct getggaacac atcaatgatg ¢ 41

<210> SEQ ID NO 35

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 35

ctcttctaga cccaactcetg ttettcegcag 30

<210> SEQ ID NO 36

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 36

ctctgcatge gctagaccaa caacatcctg 30

<210> SEQ ID NO 37

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 37

cgatgaagtg aatgtgtcga g 21

<210> SEQ ID NO 38

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 38
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ctcgacacat tcacttcate ggacaactac cacctgecac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 39

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 39

ctcttetaga tcaactgecag agacagtcag

40

30

The invention claimed is:

1. A coryneform bacterium transformant selected from the
group consisting of:

(a) a Corynebacterium glutamicum transformant obtained
by introducing a gene that encodes an enzyme having
phenylpyruvate decarboxylase activity into a Coryne-
bacterium glutanicum in such a manner that the gene
can be expressed, wherein the gene that encodes an
enzyme having phenylpyruvate decarboxylase activity
is a gene comprising a sequence having at least 98%
identity to SEQ ID NO: 2;

(b) a coryneform bacterium transformant obtained by
introducing a plasmid having a gene that encodes an
enzyme having phenylpyruvate decarboxylase activity
into a coryneform bacterium in such a manner that the
gene can be expressed, wherein the gene that encodes
an enzyme having phenylpyruvate decarboxylase activ-
ity is a gene comprising a sequence having at least 98%
identity to SEQ ID NO: 2; and

(c) a coryneform bacterium transformant obtained by
introducing a gene that encodes an enzyme having
phenylpyruvate decarboxylase activity into a coryne-
form bacterium in such a manner that the gene can be
expressed, wherein the gene that encodes an enzyme
having phenylpyruvate decarboxylase activity is a gene
comprising the sequence of SEQ ID NO:3.

2. The coryneform bacterium transformant according to

claim 1,

wherein the gene that encodes an enzyme having phe-
nylpyruvate decarboxylase activity is an Enterobacter
cloacae ipdC gene.

3. The the coryneform bacterium transformant according

to claim 1,

wherein the coryneform bacterium transformant is trans-
formed with at least one gene selected from the group
consisting of:

a first gene that encodes an enzyme having 3-deoxy-D-
arabino-heptulosonate-7-phosphate (DAHP) synthase
activity;

a second gene that encodes an enzyme having chorismate
mutase activity and/or prephenate dehydrogenase
activity; and

a third gene that encodes an enzyme having shikimate
kinase activity.

4. The coryneform bacterium transformant according to
claim 3, wherein each of the first and second genes is a gene
that encodes an enzyme having feedback inhibition resis-
tance.
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5. The coryneform bacterium transformant according to
claim 3,

wherein the first, second and third genes are Escherichia

coli genes.

6. The coryneform bacterium transformant according to
claim 1,

wherein at least one gene selected from the group con-

sisting of a lactate dehydrogenase gene, a 3-dehydro-
shikimate dehydratase gene, a dihydroxyacetone phos-
phatase gene, and a phenylalanine uptake transporter
gene, is disrupted.

7. The coryneform bacterium transformant according to
claim 1, wherein the coryneform bacterium transformanet of
(b) or (c) is Corynebacterium glutamicum.

8. The coryneform bacterium transformant according to
claim 1, wherein the Coryrebacterium glutamicum of (a),
the coryneform bacterium of (b) and the coryneform bacte-
rium of (c) are Corynebacterium glutamicum R (FERM
BP-18976), ATCC13032, or ATCC13869 (DSM1412).

9. A Corynebacterium glutamicum strain 2PE97 deposited
under Accession Number: NITE BP-02830.

10. A method for producint 2-phenylethanol comprising
culturing the coryneform bacterium transformant according
to claim 1 in a medium containing a saccharide.

11. The method according to claim 10,

wherein the saccharide is selected from the group con-

sisting of glucose, fructose, mannose, xylose, arab-
inose, galactose, sucrose, maltose, lactose, cellobiose,
xylobiose, trehalose, and mannitol.

12. The coryneform bacterium transformant according to
claim 1, wherein the gene that encodes an enzyme having
phenylpyruvate decarboxylase activity is a Corynebacte-
rium aurimucosum pyruvate decarboxylase gene.

13. The coryneform bacterium transformant according to
claim 1, wherein the gene that encodes an enzyme having
phenylpyruvate decarboxylase activity is an Enterobacter
cloacae ipdC gene that has the sequence of SEQ ID NO: 3.

14. The coryneform bacterium transformanet according to
claim 2, wherein the coryneform bacterium transformant of
(b) or (c) is Corynebacterium glutamicum.

15. The coryneform bacterium transformant according to
claim 13, wherein the coryneform bacterium transformant of
(c) is Corynebacterium glutamicum.

16. The coryneform bacterium transformant according to
claim 1, wherein the transformant has 2-phenylethanol pro-
ducing ability.

17. The coryneform bacterium transformant according to
claim 13, wherein the transformant has 2-phenylethanol
producing ability.



US 12,006,527 B2

43

18. The coryneform bacterium transformant according to
claim 1, wherein the gene that encodes an enzyme having
phenylpyruvate decarboxylase activity is a gene comprising
a sequence having at least 98% identity to SEQ ID NO: 2.

19. The coryneform bacterium transformant according to
claim 1, wherein the gene that encodes an enzyme having
phenylpyruvate decarboxylase activity is a gene comprising
the sequence of SEQ ID NO: 2.

20. The coryneform bacterium transformant according to
claim 1, wherein the gene that encodes an enzyme having
phenylpyruvate decarboxylase activity is a gene comprising
the sequence of SEQ ID NO: 3.

21. The coryneform bactrium transformant according to
claim 1, wherein the coryneform bacterium transformant is
the Corynebacterium glutamicum transformant obtained by
introducing a gene that encodes an enzyme having phe-
nylpyruvate decarboxylase activity into a Corynebacterium
glutamicum in such a manner that the gene can be expressed,
wherein the gene that encodes an enzyme hvaing phe-
nylpyruvate decarboxylase activity is a gene comprising a
sequence haveing at least 98% identity to SEQ ID NO: 2.
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22. The coryneform bacterium transformant according to
claim 1, wherein the coryneform bacterium transformant is
the coryneform bacterium transformant obtained by intro-
ducing a plasmid having a gene that encodes an enzyme
having phenylpyruvate decarboxylase activity into a coryne-
form bacterium in such a manner that the gene can be
expressed, wherein the gene that encodes an enzyme having
phenylpyruvate decarboxylase activity is a gene comprising
a sequence having at least 98% identify to SEQ ID NO: 2.

23. The coryneform bacterium transformant according to
claim 1, wherein the coryneform bacterium transformant is
the coryneform bacterium transformant obtained by intro-
ducing a gene that encodes an enzyme having phenylpyru-
vate decarboxylase activity into a coryneform bacterium in
such a manner that the gene can be expressed, wherein the
gene that encodes an enzyme having phenylpyruvate decar-
boxylase activity is a gene comprising the sequence of SEQ
ID NO: 3.



